The reaction of tris[(tri-'butyl-phosphine)gold(I)]oxonium tetrafluoroborate with close to stoichiometric quantities of ammonia in dichloromethane at -7 8 °C affords tetrakis[(tri-'butyl-phosphine)gold(I)]ammonium tetrafluoroborate, the structure of which has been determined by single crystal X-ray diffraction. The cation features a strongly distorted NAu4 tetrahedron with four short and two longer A u -A u edges. -With a large excess of ammonia, only partially aurated ammonium salts are formed, as suggested by detailed NMR spectro scopic and mass spectrometric studies. These partially aurated intermediates have not been isolated. Slow decomposition processes in these solutions lead to the precipitation of bis(tri-'butyl-phosphine)gold(I) tetrafluoroborate. The structure of the bis(chloroform) solvate has also been determined. The crystals contain two independent C3-symmetrical cations with similar structures.
Gold clusters with interstitial atoms of the main group metalloids have attracted considerable in terest in recent years owing to their unusual struc ture and bonding situation [1] [2] [3] . Surprisingly, the non-classical structures appear to be caused by significant A u -A u interactions between the seem ingly closed-shell metal centers. Pertinent phe nomena are particularly striking in clusters with hypercoordinate interstitial atoms [4] [5] [6] [7] [8] , but even species which feature standard coordination num bers for the metalloid atoms often show struc tural anomalies.
A n example in case is the stereochemistry of tetrakis[(phosphine)gold(I)]<7mA770/m/m cations of the general formula [(R3P)Au]4N+. The first rep resentative of this series has been discovered by Nesmeyanov et al. for R = Ph [9] , For the BF4 salt a crystal structure determ ination [10] has shown a highly irregular structure with strong deviations of the param eters from the tetrahedral standard.
Later work by Strähle et al. on the PF^ salt has also confirmed a distorted structure, but with dif ferent details in the param eters [11] , Finally, for the fluoride salt an interesting C3-symmetrical trigonal pyramidal structure of the cation was * Reprint requests to Prof. Dr. H. Schmidbaur. found, with three gold atoms at the corners of a small base triangle and the fourth gold atom set apart in the axial position [12] .
In the corresponding phosphonium system no salt with a cation of the stoichiometry [(Ph3P)Au]4P+ has been isolated, and only hyper coordinate species with more than four gold atoms at the central phosphorus atom have been ob served for R = Ph [13] . It was only with the bulky phosphine 'Bu3P that a salt [(fBu3P)Au]4P+BF4 became available, and for this a strongly distorted tetrahedral structure was again detected [14] . This finding was at variance with the results of theoreti cal studies [13] [14] [15] [16] , which have predicted cations of this type to be square pyramidal.
Such a non-classical square-pyramidal structure had indeed been confirmed [17] for the corre sponding arsonium salt with the cation [(Ph3P)Au]4As+. These experimental data were the starting point -and an im portant backingfor the theoretical calculations. No analogous anti mony or bismuth compounds are known, but an isoelectronic dication of the type [(R3P)Au]4S2+ has meanwhile been obtained and fully charac terized [3, 18] , At this state of affairs it was felt that the struc ture and properties of the ammonium system with the bulky (rBu3P) ligand should also be investi-0932-0776/95/0600-0859 $06.00 © 1995 Verlag der Zeitschrift für Naturforschung. All rights reserved. gated in order to further delineate the structural preferences of tetra(aurated) nitrogen. In this paper we report the results on metallo complexes of ammonia with ('Bu3P)Au+ ligands.
Results and Discussion
Tris[(phosphine)gold(I)]oxonium salts are ex cellent aurating agents for ammonia and amines [9] [10] [11] [12] [19] [20] [21] . The recently prepared fully 'butylsubstituted compound has now been chosen for the treatm ent of ammonia in varying stoichiomet ric ratios. With a large excess of ammonia present (100:1), solutions in dichloromethane are ob tained, which exhibit a pro m in en t31P NMR singlet signal at (3 = 86. Crystals of the bis-chloroform solvate are orthorhombic, space group Pbca (No. 61), with Z = 8 formula units in the unit cell. The lattice is com posed of independent tetrakis[(phosphine)gold]-ammonium cations, tetrafluoroborate anions, and solvent molecules. The cation has no crystallographically imposed symmetry. Its core is an irreg ular pyramid of four gold atoms with an interstitial nitrogen atom and four peripheral phosphorus atoms. All four N -A u -P axes are close to linear [176.8(6)-178.7(5)°], and the four phosphine "umbrellas" have standard dimensions (Fig. 1) .
The most intriguing feature of the cation struc ture is the distortion of the NAu4 core which devi ates very strongly from the structure of a centered regular tetrahedron. The A u -N -A u angles range from the significantly subtetrahedral value of 104.2(9)° for A u l -N -A u 2 to a value of as much as 125(1)° for A u 3 -N -A u 4 . Three other of the six angles are found at 105.1(8), 105.7(7) and 105.8(9)°, and only one is 109.5(7)°. These angles are associated with A u -A u distances ranging be tween 3.268(2) and 3.658(2) A for the six edges of the "tetrahedron" . This virtually random struc tural irregularity is not caused by crystal packing, since the approach of neither the counter ions, nor of the solvent molecules is sufficiently close. It should also be noted that intram olecular repulsion of the bulky phosphines should rather favour a symmetrical ligand positioning at the surface of the cation.
It therefore appears that the energy profile of the distortion of the NAu4 tetrahedron is rather flat owing to the efficient compensation of the en ergy loss associated with the bending of N -A u bonds away from vertices of an ideal tetrahedron by the gain in energy originating from peripheral A u -A u approach. It has been pointed out pre viously [14, 17] 
This idea is supported by a comparison of the new data with literature values for hom olo gous compounds of the type [(R3P)Au]4N+X ", and analogous organoammonium compounds [(R3P)Au]3N R +X - [22] : While in the latter small A u -N -A u angles and concomitantly short A u -A u distances have been observed for the NAu3 pyramids in all cases, the NAu4 tetrahedra of the former are always distorted with both small and large A u -N -A u angles and short and long A u -A u distances. This distortion is even more drastic in the phosphonium case with 'Bu3P ligands [14] , where the longer A u -P distances allow for more space of the peripheral 'Bu groups to move together following the A u -A u attraction. On the basis of the new data we predict an even more severe distortion of [(R3P)Au]4N + cations for small groups R. Unfortunately, the structure of the R = Me case has not yet been determined. The species has been detected by mass spectrometry and other spectroscopic and analytical techniques [22] , but no salts could be crystallized.
Bis(tri-'butyl-phosphine)gold(I) tetrafluoroborate
If any of the poly[(phosphine)gold]ammonium salts are left in solution for a prolonged time at ambient tem perature, colorless crystals of ['Bu3P]2Au+BF4 are formed, which appear to be the primary product of decomposition. The com pound gives satisfactory elemental analyses and is identified also by its 31P NM R singlet signal at d = 97.4 ppm (in CDC13). Its crystallization is not nec essarily accompanied by formation of elem ental gold, which suggests that high-nuclearity gold clus ters containing interstitial nitrogen atoms are also formed in the early stages of decomposition. The 31P NMR spectra of the solutions show several peaks other than at d = 97.4 ppm, which have not yet been assigned. The salt in question can also be obtained in a metathesis reaction of the chloride salt [23] with AgBF4 in ethanol (Exp. Part). The product is identical with the decomposition prod uct of the poly(gold)ammonium salts.
Single crystals of a bis-chloroform solvate are obtained from chloroform/diethylether-mixed sol vents. These crystals are trigonal, space group R3, with six stoichiometric units in the unit cell. The lattice is composed of two crystallographically in dependent cations (each with a crystallographic threefold axis), two tetrafluoroborate anions and two chloroform molecules (all with threefold sym metry), none of which shows subnormal intermolecular contacts.
The two independent cations have very similar dimensions and conformations, which furtherm ore are in excellent agreem ent with the data for the same cation in the (solvent-free) chloride salt [23] . This result is suggesting that the structure shown in Fig. 2 is representing a configuration which is largely insensitive to the external field of anions or solvent molecules in the crystal. The conform a tion as viewed down the P -A u -P axis is shown in Fig. 3 . 
Experim ental Part
All experiments were carried out under dry, puri fied nitrogen. Samples and solutions were pro tected against direct incandescent light. Solvents were dried, distilled and saturated with nitrogen. 
Crystal structure determination
Colorless crystals of compound 1 were obtained from CDCI3 at room tem perature, and colorless crystals of com pound 2 by carefully adding E t20 to a CDC13 solution at -3 0 °C. The samples were m ounted in glass capillaries. Graphite-monochrom ated M o -K a radiation was used. The structures were solved by D irect M ethods (SHELXTL-PLUS [25] ). Only gold and phosphorus atoms of 1 were refined with anisotropic displacement param eters (SHELXTL-PLUS [25] ), but all heavy atoms of 2 (SHELXTL-93 [26] ). The solution of structure of 1 was complicated by disorder of the BF4 group. Its position could be accounted for by using a split model of rigid groups with SOF = 0.5/ 0.5. Rigid group refinem ent was also used for three 'Bu groups at the structure of 1 and the BF4 groups of 2. Hydrogen atoms, which could not be refined isotropically, were placed in calculated positions. A theoretical absorption correction was carried out for both structures (DIFABS [27] ). The final cell param eters and specific data collec tion param eters are summarized in Table I . Details of the X-ray structure determ inations have been deposited at the Fachinformationszentrum Karls ruhe GmbH, D-76344 Eggenstein-Leopoldshafen, Germany, and may be obtained on quoting the names of the authors, the journal citation, and the CSD num ber 58911.
